In vitro genotoxicity of para-phenylenediamine and its N-monoacetyl or N,N'-diacetyl metabolites.
para-Phenylenediamine (PPD), a widely used ingredient of oxidative hair dyes, is converted by human hepatocytes and in the human epidermis, or after topical application to rats, to its N-monoacetylated (MAPPD) and/or N,N'-diacetylated (DAPPD) derivatives. We investigated in vitro genotoxic properties of PPD, MAPPD and DAPPD in the Ames test, the micronucleus test (MNT) in human lymphocytes and the mouse lymphoma assay (Hprt locus, PPD only). Given that MAPPD and DAPPD are actual human skin and hepatic metabolites of PPD and represent the substances to which humans are systemically exposed, they were tested in the absence of metabolic activation. In the Ames test, PPD was slightly mutagenic in Salmonella typhimurium strain TA98 in the presence of a rat liver metabolic activation system (S-9), whereas MAPPD and DAPPD were negative in all strains. When tested up to toxic doses, PPD did not induce mutation at the Hprt locus of L5178Y mouse lymphoma cells in two independent experiments, either in the absence or presence of S-9, suggesting that PPD is non-mutagenic in mammalian cells. In the in vitro micronucleus test, PPD induced micronuclei (MN) in cultured human peripheral blood lymphocytes (HL) in the presence of S-9, when tested following 24-h PHA stimulation. No increases in MN frequency were observed in the absence of S-9, when tested following 24-h PHA stimulation. However, PPD induced MN both in the absence and presence of metabolic activation, when tested following 48-h PHA stimulation. In contrast, MAPPD and DAPPD did not induce MN in HL when tested up to 10mM concentrations or to their limit of solubility, respectively, after either 24- or 48-h stimulation. In conclusion, the results of the Ames and MN tests confirm that PPD has a slight genotoxic potential in vitro, although it was non-mutagenic in mammalian cells. Given that MAPPD and DAPPD were negative in the Ames and the MN tests, these acetylated conversion products are considered to be detoxified metabolites that are biologically less reactive than the parent molecule PPD.